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Abstract 
Cyclic strain behaviour of metastable austenitic 301LN steel with different grain sizes – coarse (14 µm) and ultrafine (1.4 µm) 
grained – produced by the special thermo-mechanical treatment based on the martensite-to-austenite reversion was investigated. 
Low-cycle fatigue (LCF) tests were conducted on flat specimens at room temperature in fully push-pull mode under strain 
control with constant strain rate of 2×10–3 s–1 and constant total strain amplitude ranging from 0.4% to 0.9%. LCF behaviour was 
characterised by cyclic hardening/softening curves and fatigue life curves. After completion of fatigue tests surface fatigue 
damage was studied using scanning electron microscopy (SEM). Ferritoscope was adopted to reveal the destabilization of 
austenitic structure and evaluate the extent of deformation induced martensitic transformation. 
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1. Introduction 
Grain size refinement of metals via severe plastic deformation (SPD) is in the centre of research for several 
decades. It was repeatedly demonstrated that various SPD methods (for their review see e.g. [1]) are feasible to 
produce “bulk” ultrafine-grained (UFG) materials with considerably enhanced mechanical properties. The SPD 
refinement generally results in improvement of strength characteristics under monotonic and high-cycle fatigue 
(HCF) loading conditions. Due to low ductility and mechanical and thermal instability of UFG structure it has also a 
detrimental effect on fatigue characteristics obtained during strain controlled, i.e. low-cycle fatigue (LCF) tests [1]. 
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In case of metastable austenitic steels an alternative and very promising technique of grain refinement and thus 
strengthening represents the so called reversion annealing [2]. This special thermomechanical treatment is based on 
the phase transformation of strain induced martensite created during cold working back to austenite. Depending on 
the conditions of thermomechanical treatment the UFG structure can be achieved with supposed effect of strength 
enhancement while retaining the excellent ductility of the resulting material [2]. Positive effect of grain refinement 
using this thermomechanical treatment on HCF behavior has been documented for 301LN metastable austenitic steel 
fatigued in fully reversed bending [3,4] and recently in tension-tension (R = 0.1) [5] tests. Although LCF behavior of 
this steel is of great importance for potential industrial applications, it has not been studied so far. 
The purpose of the present work is thus to present the first results on cyclic stress-strain response of 301LN steel 
with two different grain sizes prepared by the reversion annealing. Results of constant total strain amplitude LCF 
tests are accompanied by magnetic measurements on the destabilization of initially fully austenitic structure. The 
microstructure evolution and basic mechanical properties of the identical 301LN steel before and after reversion 
annealing as well as the details of thermomechanical treatment were reported recently [6]. 
2. Experiment 
A commercial metastable austenitic 301LN steel with the nominal chemical composition (in wt.%) 0.017C, 
0.52Si, 1.29Mn, 17.3Cr, 6.5Ni, 0.2Cu, 0.15Mo, 0.15N, rest Fe was subjected to the above thermo-mechanical 
treatment at the University of Oulu, Finland. Two different annealing conditions were adopted after prior cold 
rolling to obtain two different grain sizes [6]. Annealing at 1000 °C/200 s and 800 °C/1 s resulted in the coarse 
grained (CG) and ultrafine grained (UFG) structure with average grain sizes of 14 µm and 1.4 µm, respectively – 
see Fig. 1. From the processed sheet material the flat „dog-bone” shape specimens were cut. The specimen gage 
length of 10 mm was placed in the middle of 30 mm wide reversion-annealed zone, i.e. in the part having the 
uniform thermomechanical treatment (see Fig. 2). Before fatigue tests the central part of the specimens was carefully 
polished mechanically and in some cases also electrolytically. 
Low cycle fatigue (LCF) tests were conducted at room temperature in air in tension–compression which required 
the use of special anti-buckling fixtures. To reduce possible friction as much as technically possible Teflon sheets 
0.5 mm in thickness were inserted between the fixtures and the specimen surface. The LCF tests were performed 
under strain control with constant total strain amplitude εat ranging from 0.4% to 0.9%. Total strain rate of 2×10–3 s–1
was kept constant during all fatigue tests. Strain was recorded with an MTS extensometer with a gauge length of 
8 mm. The volume fraction of magnetic phase (α’-martensite) was assessed at the end of fatigue tests using a 
Feritscope Fischer FMP 30. Fatigue damage on the specimen surface was examined by high-resolution scanning 
electron microscope SEM–FEG LYRA 3 XMU from Tescan Co.  
3. Results and discussion 
Stress amplitude and plastic strain amplitude in constant total strain amplitude cycling were evaluated from the 
recorded hysteresis loops and they are plotted vs. number of cycles for both grain sizes (UFG and CG) in Fig. 3. The 
stress response of UFG steel at the start of cycling is approximately two times higher than that one of CG steel (see 
Fig. 3) which corresponds to the difference in yield stress detected previously [6]. Also clear difference in the 
character of fatigue softening/hardening curves between 301LN steel with different grain sizes is evident. 
a) b)
Fig. 1. SEM micrographs (BSE mode) of CG (a) and UFG (b) 301LN steel. Fig. 2. Specimen geometry (dimensions in mm).
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Whereas only permanent hardening of different intensity during cycling was detected for CG steel cycled so far 
with high εat (cf. Figs. 3a and 3b) UFG steel showed more complicated behaviour. Contrary to its CG counterpart 
UFG steel exhibits for all applied εat initial small softening stage the length of which decreases with increasing εat
(cf. Figs. 3a and 3b). In the domain of low total strain amplitudes (εat < 0.5%) the initial softening is followed by 
mild cyclic hardening whereas strong cyclic hardening until the end of fatigue life is characteristic for εat > 0.6%. As 
will be shown below the increase of stress amplitude in both UFG and CG steel can be correlated with their 
structural stability. 
The reason for this initial mild softening is at present not clear but undoubtedly it is related to a peculiar shape of 
hysteresis loops detected just from the start of cycling (not shown here due to a lack of place). Hysteresis loop 
possesses concave regions which result in its constriction. With continuing cycling this constriction successively 
diminishes until the start of cyclic hardening stage is reached (see Fig. 3) when the constriction completely 
disappears and hysteresis loop acquires normal smooth shape. Possible explanation of this phenomenon can, 
however, give only a detail ongoing analysis of coincident microstructural changes generated in the volume of UFG 
steel at the early stage of cycling. 
Fatigue life curves for both grain sizes are plotted in Fig. 4. Preliminary results indicate that in the LCF domain 
UFG steel has higher fatigue resistance in comparison with CG steel. Limited data on CG steel also indicate that the 
difference between fatigue lives of both materials in low strain amplitude domain increases (see different slopes of 
fatigue life curves in Fig. 4). 
Since the structure of 301LN austenitic steels was expected to be unstable during cyclic straining [3–5] the 
magnetic measurements were performed within the reversion-annealed zone along longitudinal axis of specimens 
(see Fig. 2) with a step of 2 mm. The results given in % of ferrite are presented in Fig. 5. No magnetic phase was 
Fig. 4. Fatigue life curves of 301LN steel. Fig. 5. Volume fraction of magnetic phase in reversion-annealed zone of 
specimens after fatigue failure (full line = UFG, dashed line = CG).
a) b)
Fig. 3. Stress amplitude σa (a) and plastic strain amplitude εap (b) versus number of cycles N in 301LN steel with two different grain sizes during 
fatigue tests with constant total strain amplitudes (full symbols = UFG, open symbols = CG). 
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detected within reversion-annealed zone prior fatigue tests. Fig. 5 shows that the content of magnetic phase (i.e. 
deformation induced α’-martensite) is not constant within the reversion-annealed zone and even one big peak or 
several smaller ones can be present. Careful analysis showed that these peaks always correspond either to the 
position of the principal crack and/or in case of fully broken specimens to the position of fracture surface. 
Nevertheless within the extensometer gauge length the volume fraction of α’-martensite is approximately constant 
and in case of UFG material it correlates perfectly with the intensity of hardening in two domains of strain 
amplitudes described above (cf. Fig. 3 and 5). In addition, very limited data indicate (measurement in CG steel has 
been still performed only for εat = 0.6% – see dashed line in Fig. 5) that increasing grain size promotes intensive 
formation of deformation induced α’-martensite. Similar tendency was documented by Poulon et al. [7] also in 
fatigued low-nickel austenitic stainless steel with grain sizes of 2 and 20 µm. 
Previous studies [3–5] highlighted an important role of intergranular mode in fatigue cracking of UFG 301LN 
steel. Fig. 6a shows an area around the tip of a long fatigue crack in UFG steel fatigued to failure with εat = 0.7%. 
Whereas at macroscopic scale the crack followed the path inclined approximately 45° to the stress axis, detail view 
(see Fig. 6b) reveals the complicated manner of its growth at microscopic scale. Multiple micro-branching (black 
arrows 1 and 2) or even micro-cracks starting from triple points close to the path of the principal crack (see black 
arrow 3) witness the difficulty of its growth in the area of enhanced α’-martensite transformation (see Fig. 6a).  
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Fig. 6. SEM–FEG micrograph of the principal crack tip in UFG 301LN steel fatigued with εa = 0.7% to failure. (a) 
Overview taken in BSE mode and (b) detail of area indicated in (a) taken in SE mode. Stress axis is horizontal.
a) b)
